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[57] ABSTRACT

The invention relates to statistical mixtures of haloge-
nated bisphenols with halogen-free bisphenols and to
processes for their preparation. This invention further
relates to new aromatic, bromine-containing and/or
chlorine-containing, high-molecular weight thermo-
plastic polycarbonates with good resistance to fire (oxy-
gen index =36%) and good flow properties, to their
preparation from the statistical mixtures of halogenated
bisphenols and halogen-free bisphenols and to their use
alone or as a mixture with halogen-free polycarbonates
or with thermoplastic polyesters for the preparation of
moldings, films and fibers.

18 Claims; No Drawings
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- STATISTICAL MIXTURES OF HALOGENATE_D

BISPHENOLS WITH HALOGEN-FREE
BISPHENOLS, A PROCESS FOR THEIR
PREPARATION AND THEIR USE FOR THE

'PREPARATION OF HIGH-MOLECULAR WEIGHT

THERMOPLASTIC POLYCARBONATES .

‘This 1s a division of application Ser No. 678,807 ﬁled
Apr. 21, 1976, now U.S. Pat. No. 4,075,119.

BACKGROUND OF THE INVENTION

- Flame-resistant polycarbonates have in the past been
prepared industrially preferably by the incorporation of
tetrahalogenated dihydric phenols, for example of tetra-
chlorobisphenol A or tetrabromobisphenol A. Al-
though grading in a category of high flame resistance
(for example v-0 according to Underwriters’ Laborato-
ries, Subj. 94) can be achieved in this way, this process

effects a drastic impairment in the processability of the.
corresponding polycarbonates, which is caused by the:

- reduced flow properties and reduced heat stablllty of
these polycarbonates. |

Polycarbonates can also be rendered ﬂameproof by

admixing homopolycarbonates or copolycarbonates
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based on halogenated bisphenols, but this process also

does not give molding compositions which have good
processability combined with good flame-resistance.

- Mixtures of an aromatic homopolycarbonate with a
- low-molecular weight homopolycarbonate obtained
from tetrahalogenated bisphenols, such as, for example,
tetrabromobisphenol A, are also known. Products of
this type also display greatly reduced flowability and
reduced heat stability, which have an adverse effect on
- their behaviour or processing in injection molding ma-
chines (for literature, see, for example U.S. Pat. No.
3,334,154 and DT-OS (German Pubhshed Specrﬁca—
tion) No. 2,243,226).

Even compared with the halogenated polycarbonates
according to DT-OS (German Published Specification)
- No. 2,315,888 and U.S. Pat. No. 3,912,687, incorporated
herein by reference, and their admixtures with other
polycarbonates, for example bisphenol A polycarbon-
ates, the polycarbonates accordmg to the present inven-
tion show improved intrinsic viscous properties associ-
ated with equal or better flame-resistance. |

Thus, to summarize it can be stated that customary
halogen-containing polycarbonates themselves, and
their admixtures with halogen-free polycarbonates_,
certainly show improved behaviour in burning, but
have processing disadvantages due to the reduced flow-
ability. |

BRIEF SUMMARY OF THE INVENTION

The invention relates to statlstlcal mixtures of haloge- :

nated bisphenols of the formula I and halogen-free bis-

phenols of the formula II and to processes for their
preparation. This invention further relates to new aro-

matic, bromine-containing and/orchlorine-containing

formula I and halogen-free bisphenols of the formula II,
and to their use alone or as a mixture with halogen-free
polycarbonates or with thermoplastic polyesters for the
preparation of moldings, films and fibers.
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_ Surprisingly, it has.now been found that polycarbon-

| 'ates wrth a surprl,smgly advantageous spectrum of .prop-
erties are ‘obtained from statistical mixtures of haloge-

nated bisphenols of the formula I with non-halogenated
bisphenols of the formula I1. These bromine-containing

“and/or chlorine-containing polycarbonates according

to the invention.are distinguished, on the one hand, by

their outstanding- flow properties, which give rise to

their good processing properties. On the other hand, the
polycarbonates according to the invention possess an
even: better fire-resistance (oxygen index=36%) than,
for example, those polycarbonates which contain the
same amounts by weight of halogen due to incorpora-
tion of pure tetrahalogenated bisphenols or which con-
tain the same amounts by weight of halogen due to
mixing in for example, a low-molecular weight tet-
rahalogenoblsphenol homepolycarbonate

The new aromatic, high-molecular weight thermo-
plastic polycarbonates according to the invention have

‘a’total halogen content of about 2-45% by weight,

preferably about 3—27% by weight. The following ap-
plies with regard to the total halogen content; the poly-
carbonate can contain bromine alone in amounts by
weight of about 0-45%, chlorine alone in amounts by
weight of about 0-27%, or chlorine and bromine con-

jointly in any desired ratios by welght

'DETAILED DESCRIPTION OF THE
~ INVENTION

The statlstleal rmxtures which are su1table for the
preparatlon of the polycarbonates of the invention are
statistical mixtures. comprising halogen-free bisphenols
of the formula II with mono-, di-, tri- and tetra-

halogenated bisphenols, wherein the halogen is selected
from the group consisting of bromine and ch]orlne, of
the formula I ' -

1|

- wherein

55

.60
high molecular weight thermoplastic polycarbonates
with good resistance to fire (oxygen index=36%) and
good flow properties, to their preparation from the
statistical mixtures of halogenated bisphenols of the
05

- X denetes C1-C9 alkylene, Cz-—Cg a]kylldene,
Cs-Cis cycloalkylene, Cs-C1s cycloalkylidene, a sin-

gle bond,._ -._0___, —S—""'j, - —SO-—-—, —-SOZ—',
—CO—or . C |
C|H3
(|3-
CH;

R1 to Ry are 1dent1ca1 or dlfferent and denote H,
. Brand Cl and at least one R is Br or Cl.
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Statistical mixtures are understood to mean mixtures
- of reaction products and, in some cases, corresponding
starting materials, such as are customarily formed in
chemical reactions, for example in halogenation reac-

tions, which are obtained if the reaction between the

reactants does not produce one reaction product.

- In the applicants’ process of halogenating bisphenols,
four hydrogen atoms can be replaced by bromine or
chlorine. However, in any halogenation reaction, mix-
tures of non-, mono-, di-, tri- and tetrahalogenated bis-
phenols in amounts corresponding to the statistical
Gaussian distribution are obtained. Accordingly, if each
mol of bisphenol were halogenated with one mole of

10

Br,, the reaction product would consist of a statistical

mixture of non-, mono-, di-, tri- and- tetrabrominated
bisphenol; or if each mol of bisphenol were halogenated
with four mols of Bry, the reaction product would con-
sist of a statistical mixture of non-, mono-, di-, tri- and
tetrabrominated bisphenol.

A characteristic of the mixtures of bisphenols which
are suitable according to the invention is that they are
composed of mono-, di-, tri- and tetrahalogenated bis-
phenols and non-halogenated bisphenols with a total
halogen content of about 3-48% by weight, preferably
about 4-30% by weight, and that the statistical mixtures
which are suitable according to the invention can con-
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calculated amounts by weight in the desired end prod-
uct as well as an additional amount of 10% of the calcu-
lated amount of chlorine and bromine which is to be
included due to the reacton losses in the case of the
suspension process. In the case of the gas/solid phase
halogenation process, the extra amounts of hromine and
chlorine required due to losses is increased by at least
20% of the calculated amount of bromine and chlorine.

Bisphenols of the formula II which are suitable for
the halogenation are: bis-(hydroxyphenyl)-alkanes, bis-
(hydroxyphenyl)-cycloalkanes,  bis-(hydroxyphenyl)
sulphides, bis-(hydroxyphenyl) ethers, bis-(hydrox-
yphenyl) ketones, bis-(hydroxyphenyl)-sulphones and
a,a’-bis-(hydroxyphenyl)-diisopropylbenzenes.

Bisphenols of this type are described, for example, in
Nos. 3,028,365, 2,999,835, 3,148,172,
3,271,368, 2,991,273, 3,271,367, 3,280,078, 3,014,891 and
2,999,846 all incorporated herein by reference, and in
German Published Specifications Nos. 1,570,703,
2,063,050, 2,063,052, 2,211,956 and 2,211,957, in French
Pat. Specification No. 1,561,518 and in the monograph

- “H. Schnell, Chemistry and Physics of Polycarbonates,
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tain bromine alone in amounts by weight of about

0-48% by weight, chlorine alone in amounts by weight
of about 0-30% by weight, or bromine and chlorine
-~ conjointly in any desired ratios by weight. |

These statistical mixtures can be prepared, for exam-

ple, by partial bromination and/or chlorination of bis-

phenols of the formula II. This can be carried out in an
organic suspension agent suitable for bisphenols. A
suitable process is also the partial bromination and/or
- chlorination of bisphenols of the formula Il in a gas/-
- solid phase reaction. The statistical mixture of bisphe-

35

~ nols obtainable by these halogenation processes can be

used directly for the preparation of polycarbonates. In
these bromination and/or chlorination reactions, in
suspension or in a gas/solid phase reaction, the bisphe-

40

" nols of the formula II are reacted with the amounts of

bromine and/or chlorine required in a particular case by
- the bromine and/or chlorine content of the mixtures to
be prepared; these amounts of bromine, which are re-
- quired for bromination only, are calculated from the

desired amount by weight of bromine in the end prod-

“uct and 10% by weight of this amount is added to ac-
count for losses during the reaction; in the case of the
gas/solid phase halogenation process, this proportion
lost is increased to 20% by weight and must be included

45

Interscience Publishers, New York, 1964,

Examples of preferred bisphenols are: 2 2-bls-(4—
hydroxyphenyl)-propane, 2,4-bis-(4-hydroxyphenyl)-2-
methylbutane, 1,1-bis-(4-hydroxyphenyl)-cyclohexane
and a,a’'-bis-(4-hydroxyphenyl)-p-diisopropylbenzene.

Examples of particularly preferred bisphenols are:
2,2-bis-(4-hydroxyphenyl)-propane (bisphenol A) and
1,1-bis-(4-hydroxyphenyl)-cyclohexane (bisphenol Z).

When the statistical mixtures of bisphenols are pre-

- pared by the gas/solid phase halogenation process, the -

bisphenols of the general formula II, which are to be
halogenated, are brought into contact, in the flaked or
ground form (average particle size 300-600u) with a
constant stream of chlorine gas and/or with a stream of

inert gas, consisting of nitrogen or carbon dioxide,

which is charged with bromine vapors. The rate of flow
of the gaseous halogens and thus the amounts of halo-
gen fed to the reaction per unit time, depend on the
amount of the bisphenols to be halogenated and on the
desired total halogen content in the product and in
general is preferably about 0.1-3.0 mols of halogen per

‘mole of bisphenol and per hour, most preferably about

1-2 mols of halogen per mol of bisphenol and per hour.

~ The reaction is carried out in the course of 5-120 min-
~ utes, preferably in the course of 10-60 minutes. The

50

" in the calculations at the start of the reaction. The losses

- of bromine due to the formation of HBr are not substan--

- tial since the HBr formed is reactivated agam by the
addition of chlorine, BrCl being formed. |

‘The ratios of the reactants for chlorination only are to
‘be calculated quantitatively as a function of the chlorine
content of the end product for the suspension process
and 10% by weight is to be taken into account for losses
during the reaction; for the gas/solid phase chlorina-
‘tion, a chlorine loss of at least 20% by weight must be
~ taken into account. For both chlorination methods, in
suspension or in a gas/solid phase reaction, the loss due
- to the formation of HCI, in the sense of the course of the
reaction, must also be taken into account.

The amounts of chlorine and bromine reqmred for
the preparation of the chlorine-containing and bromine-

35

reaction temperature should be between about —20° C.
and 89° C., but preferably between about - 10' C. and
+40° C.

A vanable in the gas/ solid phase halogenatlon pro-
cess is the choice of the reaction vessel or the reaction
space; however, attention must be paid to ensuring that
there 1s a possibility for good contact between the bis-
phenol and the halogen. The powdered bisphenol can

- be reacted in a flask with the gaseous halogen or mix-

65

containing mixtures of bisphenols correspond to the

ture of halogens, homogeneous mixing being provided
by stirring. It is also possible to feed the ground bisphe-
nol, in a thin 0.1-2 cm layer on a conveyor belt, continu-
ously through a reaction space in which it is brought
into contact with bromine and/or chlorine in the above
mentioned concentration ratios of halogen per bisphe-
nol and per hour. The halogen content to be produced
in the bisphenol is a function of the contact time and
thus of the time of reaction between the bisphenol and
the halogen, the relationship being such that the halo-
gen content of the bisphenol mixtures which are suitable
according to the invention is directly proportional to
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the time of contact between the bisphenol and the halo-
gen. Thus, the contact time and, accordingly, the halo-
gen content of the statistical mixtures according to the
invention can be regulated in a simple manner by the
speed of a conveyor belt which feeds the bisphenol
through the reaction space. The preparation of the sta-
tistical mixtures of bisphenols by the gas/solid phase
halogenation process can also be carried out by the
fluidization method in a fluidized bed. In this case the
bisphenol to be halogenated is reacted, as granular ma-
terial which can be fluidized, with the gaseous halogens
in the counter current flow.

In their various embodiments, these gas/solid phase
halogenation processes are distinguished by the advan-
tageous absence of a solvent or suspension medium, due
to which 1involved operations to separate or purify the
statistical mixtures of bisphenols, which are suitable
according to the invention, are dispensed with and these
mixtures can thus be directly reacted to give high-
molecular weight polycondensation products. o

Thus, the present invention also relates to a process
for the preparation of the statistical mixtures of haloge-

4,170,587
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nated bisphenols of the formula I and halogen-free bis- |

phenols of the formula II, which is characterized in that
the bisphenols of the formula II are brought into
contact, in the solid form at temperatures between
about —20° C. and +80° C., preferably between about
10° C. and +40° C., with gaseous chlorine and/or

25

bromine, optionally also using an inert gas, preferably in

amounts of about 0.1-3 mols of halogen per mol of
bisphenol and per hour, and the resulting statistical
mixture of halogenated bisphenols of the formula I and
bisphenols of the formula I is withdrawn from the
further reactmn after the desired halogen content has
been reached. | | -
For the preparation of the statistical mlxtures of bis-
phenols by partial halogenation of the bisphenols of the

formula II in suspension, the bisphenols are suspended,

for example in amounts of 2 kg, in about 2 to 5 times the
amount by weight of a halogen-containing hydrocar-
bon, such as carbon tetrachloride. The amounts of bro-
mine and/or chlorine required for the desired halogen
content are introduced in the course of 2-60 minutes
while cooling. The reaction temperature can be from
about —20° C. to +80° C., but preferably about +-10°
C. to 50° C. Chlorination only of the bisphenol is car-
‘ried out only with chlorine gas. If the bisphenol is to be
brominated only by passing in bromine and chlorine,

the supply of chlorine gas must be so adjusted at the

start of the bromine addition that no chlorination of the
bisphenol occurs but the hydrobromic acid which forms
reacts exclusively according to the equation (1) formu-
lated below with chlorine to give bromine chlorine,

which in turn acts as a very reactive brominating agent.
: - 55

o

HBr+4+Chh—BrCl+HCI

The end of the bromination reaction is clearly recogniz-

able by the disappearance of the bromine coloration; an

increase in the amount of chlorine gas introduced dur-
ing the addition of bromine has, within certain limits
(which are also determined by the dimensions of the
apparatus) an accelerating effect on the reaction. If
chlorine gas is supplied in excess, chlorination of the
‘bisphenol also occurs in competition with the bromina-
tion. This also occurs when chlorine is passed into the
suspension before or after the addition of bromine. Very
diverse bromine and/or chlorine contents in the mix-
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tures of bisphenols can thus be obtained in a simple
manner.

After removal of the residual hydrochlorlc acid gases
by flushing with an inert gas, such as nitrogen or carbon
dioxide, the statistical mixture of bisphenols, which are
suitable according to the invention, can be separated off
simply by filtration. If the statistical mixture of bisphe-
nols is dissolved directly in alkali metal hydroxide solu-

tions and the solution is separated off from the suspen-

sion medium, the bisphenolate solution can be used
directly, without further purification steps, for various
subsequent polycondensation reactions.

Thus, the present invention also relates to a process
for the preparation of the statistical mixtures, according
to the invention, of halogenated bisphenols of the for-
mula I and halogen-free bisphenols of the formula II,
which is characterized in that bisphenols of the formula
I1 are suspended in about 2 to 5 times their amount by
weight of a halogen-containing hydrocarbon and re-
acted, at temperatures between about —20° C. and
4+ 80° C., with the stoichiometric amounts of bromine
and/or chlorine required for the desired halogen con-
tent in the mixture of bisphenols. |

Other suitable halogenated hydrocarbons, apart from
carbon tetrachloride, which is suitable for the halogena-
tion 1n suspension are, inter alia, also tetrachloroeth-
anes. |

In order to achieve the desired halogen content in the
mixture of bisphenols, the amounts of bromine and/or
chlorme which are required, depending on the type and

‘the amount, are as a rule to be employed in stoichiomet-

ric amounts and customary losses of bromine, but espe-
cially of chlorine, by diffusion and the like are to be
taken into account.

-The statistical mixtures, according to the invention,
of halogenated bisphenols of the formula I and halogen-
free bisphenols of the formula II are outstandingly suit-

~_able directly, without any purification, for the prepara-

“tion of high-molecular weight, flame-resistant polycon-

densation products, such as polyesters, polyepoxides
and polyurethanes, but especially for the preparation of
high-molecular weight thermoplastic polycarbonates

- with an advantageous combination of properties hith-

45
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erto unknown. Thus, the properties of polycarbonates
prepared according to customary processes from the

statistical mixtures of bisphenols are, as mentioned

above, far superior to those of polycarbonates or mix-

_-t_u__r_es of polycarbonates which have the same total halo-
gen content and have been rendered flame-resistant and

which can be obtained, for example, by co-condensa-

tion of dibromo- or tetrabromo- or dichloro- or tetra-

ch]oro-blsphenol A with bisphenol A or in which the
halogen is set to the same amount by weight by admix-

“ing a low-molecular tetrahalogenobisphenol homopoly-

carbonate to a bisphenol A homopolycarbonate.

The polycarbonates prepared from the mixtures, ac-
cordmg to the invention, of bisphenols and distin-
guished by an extremely high flame resistance (Osin-
dex=36%) and a surprisingly advantageous relation-
ship, which was not hitherto known and which is valu-
able for processing in injection molding machines, be-
tween the solution viscosity (nrel, measured accordmg
to DIN 7744) and the melt viscosity (measured in accor- |
dance with ASTM-D1703) which gives rise to ex-
tremely favorable flow properties. A polycarbonate -
containing 5% by weight of bromine and 1.2% by
weight of chlorine, which was prepared from a bisphe-
nol mixture according to the invention, possesses, for
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example, an O3 index of 39%, a relative solution viscos-
ity of my=1.333 (measured in a 0.5% strength by

weight solution in methylene chloride at 20° C.) and a
melt viscosity (at T=300° C., the rate of deformation

D=103.sec—1), which is equal to that of a non-
halogenated bisphenol A polycarbonate with a relative
solution viscosity of 1,.;=1.260.

In principle, the preparation of the bromine-contain-
ing and/or chlorine-containing aromatic thermoplatic
polycarbonates according to the invention can be car-
ried out according to all known processes for the prepa-
ration of high-molecular weight polycarbonates, ac-
cording to the known phase boundary process, accord-
ing to the melt transesterification process and also ac-
cording to the process in homogeneous phase, that is to
say using organic bases and, if appropriate, inert sol-
vents, as described in U.S. Pat. Nos. 3,028,365;
2,999,835; 3,148,172; 3,271,368; 2,991,273; 3,271,367;
- 3,280,078; 3,014,891 and 2, 999 846, all 1ncorporated
herein by reference.

When the bromine-containing and/or chlorine-con-
taining aromatic polycarbonates according to the inven-
tion are prepared in a known manner according to the
phase boundary polycondensation process, the proce-
dure is such that phosgene is passed into the well-stirred
2-phase mixture of the aqueous-alkaline solution of the
mixture of bisphenolate to be used according to the
invention and a solvent for polycarbonates, a chain
stopper being added. The mass of aqueous phase per
mol of bisphenolate is about 3 kg; the amount of solvent
per kg of polycarbonate is about 11 liters. Examples of
solvents for polycarbonates which can be used are
‘methylene chloride, tetrachloroethane, chlorobenzene,
chloroform or 1,2-dichloroetharne.

The pH value of the reaction solution should be be-
tween 12 and 14, preferably pH 13. |

The amount of NaOH, relative to the amount of bis-
phenol employed, should be approximately between 35
and 7 mols of NaOH per mol of bisphenol.

The amount of phosgene, relative to the amount of
bisphenol employed, should be about 1.2-2.0 mols of
phosgene per mol of bisphenol.

In order to accelerate the reaction and to obtain high-
molecular weight products, the addition of customary
catalysts, such as tertiary amines or quaternary ammo-
nium compounds or, for certain purposes, also arsonium
compounds (compare German Pat. Specification No.
1,046,311), after the phosgenation is recommended. The
catalyst concentration is about 2-20 mol %, relative to
the amount of bisphenol employed. Examples of cata-
lysts which can be used are triethylamine, tributylamine
or dimethylbenzylamine. Suitable chain stoppers are
monophenols, such as, for example, phenol, p-tert.-
butylphenol, 2,4,6-tribromophenol and pentabromo-
phenol; they are used in customary amounts, preferably
in amounts of 2-3 mol %, relative to the amount of
bisphenol employed.

The polycarbonates can also be branched by the add:i-
tion of small amounts of polyhydroxy compound hav-
ing more than two phenolic OH groups, for example
about 0.05-2.0 mol-% (relative to the bisphenols em-
ployed). Polycarbonates of this type are described, for
example, in German Published Specifications Nos.
1,570,533, 1,595,762, 2,116,974 and 2,113,347, British
Patent Specification No. 1,079,821 and in U.S. Pat. No.
3,544,514 incorporated herein by reference. Some of the
polyhydroxy compounds which can be used are, for
example, phoroglucinol, 4,6-dimethyl-2,4,6-tri-(4-
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hydroxyphenyl)-hept-2-ene,  4,6-dimethyl-2,4,6-tri-(4-
hydroxyphenyl)-heptane, 1,3,5-tri-(4-hydroxyphenyl)-
benzene, 1,1;1-tri-(4-hydroxy-phenyl)-ethane, tri-(4-
hydroxyphenyl)-phenylmethane, 2,2-bis-{4,4-(4,4'-di-

hydroxydiphenyl)-cyclohexyl]-propane, 2,4-bis-(4-
hydroxyphenyl-4-isopropylphenyl)-phenol, , 2,6-bis-(2’-
hydroxy-5'-methylbenzyl)-4-methyl-phenol, 2-(4-

hydroxyphenyl)-2-(2,4-dihydroxyphenyl)-propane and
1,4-bis-(4',4"'-dihydroxytriphenyl-methyl)-benzene.

The “amount of bisphenol employed”, used above as
a reference quantity, relates to the statistical mixture of
bisphenols obtained taking into account the bromine
and/or chlorine content, amounts of any by-products
which may be present being included as bisphenols or
an amount of bisphenols employed.

The reaction temperature for the phase boundary
polycondensation can be selected freely within wide

ltmits. Advantageously, the reaction is carried out at

temperatures below the boiling points of the solvents,
temperatures of from about 0° C. to 30° C., preferably
about 15° C. to 27° C. generally being selected as far as
possible. |

The statistical mixtures of bisphenols of the formulae
I and II can also be reacted with diphenyl carbonate by
the melt condensation process, in a known manner, to
give the high-molecular weight polycarbonates accord-
ing to the invention.

In general, the polycarbonates according to the in-
vention have average molecular weight (number-aver-
age) M,, of about 10,000 to 200,000 and above, prefera-
bly from about 17,000 to 80,000, which can be deter-
mined by the osmometric method.

Thus, the polycarbonates according to the invention
have recurrent but not identical structural units of the

- following formula III

III

wherein
X denotes C1—Co alkylene, Cy—Cg alyklidene, C5-Cis
Cycloalkylene, Cs~Cis5 cycloalkylidene, a single
bond, —O—, —S—, —SO—, —SOy»—, —CO—or

CH;
(I}_.
(IJH CH3
~
-
CH3

- and

65

Rito Raare ldentlcal oL dlfferent and denote H, Br or
Cl,

n is an integer between 20 and 800 and

E are the radicals resulting from the chain stoppers,
preferably phenyl, Ci-Cs-alkyl-substituted phenyls
or halogen-substituted (bromine-substituted or
chlorme-substltuted) phenyls,
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the total halogen content resultlng from the 1nd1v1dual
radicals R; to R4 and E being between about 2% by
weight and 45% by weight, preferably between about
3% by weight and 27% by weight. |

10

" 30° C The total halogen content of the mixture of bis-
. phenols is 37.5% by weight, the bromine content being

34% by weight and the chlorine content 3.5% by

welght Chromatographle separation of the mixture

The halogen-eontalmng polycarbonates aeeordlng to 5 gives the following composition: 3.2% by weight of
the invention can be used both as such or as mixtures monobromo-bisphenol A, 64.4% by weight of dibromo-
with halogen-free thermoplastic aromatic polycarbon- bisphenol A, 13.3% by weight of tribromobisphenol A,

- ates and/or thermoplastic polyesters for the preparation 14.6% by welght of dichloro-bisphenol A and 4.5% by
of moldings, films and fibers; these moldings, films and  weight of bisphenol A. |
fibers have, in addition to the known polycarbonate 10 |
- properties, an improved ﬂame-tesistagce Or non- EXAMPLE 2
inflammability and high heat distortion points. How- In a 2 llter vessel, 137 g of powdered 2,2-bis-(4-
ever, the excellent processing properties of the halogen- hydroxy-phenyl)-propane (bisphenol A) (average parti-
containing polycarbonates according to the invention,  cle size: 300-600 ) are brought into contact, while
which are due to their good flow properties and which 15 cooling and stirring constantly, with a stream of nitro-
distinguish these polycarbonates compared with other gen charged with bromine vapors (rate of flow v=10
polycarbonates with the same halogen content, aretobe  liters/hour) and at the same time with chlorine gas (rate
particularly singled out. Furthermore, the direct flam-  of flow v=10 liters/hour). After 20 minutes the addi-
- mability of these polycarbonates, measured by the oxy- tion of bromine is ceased and the mixture is further
‘gen index text ASTM-D-2,863, is significantly lower 20 chlorinated for 5 minutes at the same rate of flow. The

than tat of comparison products having the same halo-
gen content (compare table I which follows).

TABLE I

internal temperature rises from 20° C. to 28° C. In order
to remove the hydrochlonc acid gases, the reaction

PROCESSING PROPERTIES OF POLYCARBONATES

Relative Apparent melt
Halogen solution - O index Burning test  viscosity at 300° C.
content VISCOsity (according to UL (Subj. 94) (according to
(% by weight)  (accordingto  ASTM-D- 1/16”X 3"X 57 ASTM-D-1,703)
Bromine Chlorine DIN 7,744) = 2,863) % Test Samples  (D=103sec™!) .
e — 1.335 27 94 v-2 800
5.7% — 1.290 34 94 v-2 600
5.3 0.5 1.309 36 94 v-0 300
—_ 11.9%xx 1.286 42 94 v-0 450

“Mixture of tetrabromobisphenol polycarbonate with bisphenol A polycarbonate; This mixture, iwhi_ch has;an
7 rel. of 1.290 and which contains 5.7% by weight of bromine, is prepared analogously to Example 5 of German -
Published Specification 2,243,226 and specifically is prepared from 100 parts by weight of a high-molecular . -

weight bisphenol A polycarbonate (7 rel. 1.300) and 11 parts by weight of the low-molecular weight polycar-
~ bonate obtained from 2,2-bis-(3,5-dibromo-4-hydroxyphenyl)-propane with tribromophenoxy end greups

according to Example 1 of German Published Specification 2,243,226.
“*Example 9 of this patent appl:eat:en
**XExample 8 of this patent application.

The polycarbonates according to the invention can

also be used readily in mixtures with fillers, for example |

minerals, wood flour, carbon black, carbon fibers, dye-
stuffs, pigments, heat stabilizers, UV stabilizers, oxida-
tion stabilizers and other stabilizers, lubricants, plasticis-
ers, mold release agents and other additives. |

The compositions, according to the invention, con-
sisting of polycarbonates with a glass fiber content of up
to about 40% by weight, relative to the total mixture,
are particularly valuable. They can be employed, in
particular, where the demand is for extremely high
flame-resistance combined with excellent mechanlcal
and electncal propemes -

45

50

vessel is then flushed for 4 hour with nitrogen. The
resulting mixture of statistically 'nuclear-halogenated
bisphenol A derivatives with non-halogenated bisphe-
nol A contains 3.0% by weight of bromine and 2.0% by
weight of chlorine. Gel chromatographic separation of
the mixture gives the following composition: 0.4% by

‘weight -of dichloro-bisphenol A, 1.2% by weight of
trichloro-bisphenol A, 3.64% by weight of tetrachloro-

blsphenol A, 0.2% by weight of monobromo-bisphenol

,» 1.5% by weight of tribromo-bisphenol A, 4.8% by
welght of tetrabromo-blsphenol A and 88.3% by weight
of bisphenol A.

EX AMPLES A polyc:arbonate prepared from this mixture of bis-

- 55 phenols by the customary phase boundary process con-

EXAMPLE 1 | tains 2.7% by weight of bromine as well as 1.9% by

A solution of 1.6 kg of bromine and 1.5 liters of car-  weight of chlorine and has an average molecular weight

bon tetrachloride is introduced, in the course of 15 (number-average) of Mn=97,500 at a relative solution

minutes, into a suspension of 2.28 kg of _blsphenol Ain  viscosity of m,.=3.494, measured in a 0.5% strength
3 liters of carbon tetrachloride, while stirring and at an 60 solution of dichloromethane at 20“ C B
internal temperature of 20°-30° C. At the same time, '
chlorine is passed in, at a rate of flow of v=100 liters/- EXAMPLE 3 |

hour, for a period of 23 minutes until the bisphenol Analogously to Example 2, an equal amount of bis-

suspension is decolorized, and chlorine gas 1s then me- phenol A is brought into contact, under the same reac-

tered in for a further 20 minutes. The mixture is flushed 65 tion conditions, with bromine and chlorine gas for 30

with nitrogen in order to remove the hydrochloric acid
gases and the reaction product is filtered off, washed
with 1 liter of carbon tetrachloride and dried in vacuo at

minutes; the mixture is then further chlorinated for 73
minutes. The mixture of bisphenols obtained after flush-
ing with nitrogen has a total halogen content of 7.8% by

1 : :‘ : -::.h‘ i-_,I . - 'II|I: A "] : - = -
‘I 1 . . " . - d g L1} L [] ] H
| . [
1 TR H I PSR i i |' Y
) o R . - wr et
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weight, the bromine content bemg 4. 8% by welght and
" the chlorine 3.0% by weight. , .

‘The following composition of the mlxture 1S deter-
mlned by gel chromatographic separation: 2.3% by
welght of trichlorobisphenol A, 5.8% by weight of
- tetrachloro-bisphenol A, 0.2% by weight of mono-

‘bromo-bisphenol A, 0.6% by weight of dibromobis-
phenol A, 2.8% by weight of tribromo-bisphenol A,
5.0% by weight of tetrabromo-bisphenol A and 83.3%
- by weight of bisphenol A.

A polycarbonate prepared from this mixture by the
phase boundary process contains 4.6% by weight of
‘bromine and 2.3% by weight of chlorine and has an
average molecular weight (number-average) of
Mn=E81,000 at a relative solution viscosity of
Nrei=2.825, measured in a 0.5% strength solution of
dichloromethane at 20° C.

- EXAMPLE 4

In a 2 liter ﬂask with a ground glass joint, 137 g of
powdered 2,2-bis-(4-hydroxyphenyl)-propane (bisphe-
nol A) (average particle size: 300-600 ) are brought
into contact, while cooling and stirring constantly, with

5

10

15

20

a stream of nitrogen charged with bromine vapors (rate

of flow v=15 liters/hour) and at the same time with
chlorine gas (rate of flow v=10 liters/hour). The inter-
nal temperature rises from 20° to 28° C. After 40 min-
utes the introduction of bromine is ceased and the mix-
ture is further chlorinated for 10 minutes at the same
rate of flow. The hydrochloric acid gas 1s then removed
by flushing the reaction vessel with nitrogen. The re-
sulting mixture of statistically nuclear-halogenated bis-
phenol A derivatives with non-halogenated bisphenol
A comprises: 0.8% by weight of trichlorobisphenol A,
3.8% by weight of tetrachlorobisphenol A, 8.7% by
weight of tetrabromoblsphenol A and 86.7% by welght
~of bisphenol A.

The total halogen content of the mixture is 6. 9% by
~ weight, the bromine content being 5.1% by wclght and
the chlorine content 1.8% by weight.

Without subsequent purification, the mixture is dis-
solved in. 600 g of 20% strength sodium hydroxide solu-
tion and 1.2 liters of distilled water, nitrogen continuing
to be passed through the reaction mixture. After the
addition of 1.5 liters of dichloromethane, 100 g of phos-
- gene are introduced, while cooling and stirring inten-

~ sively. The internal temperature is 25° C. When the

introduction of phosgene is complete, 2.5 g of triethyl-
amine are added and the mixture is further condensed
for one hour at pH 13. The highly viscous polycarbon-

. ate solution is then washed with water until neutral and

salt-free and the polycarbonate is isolated from the
washed solution and dried. It contains 4.9% by weight

25

30

35
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_trogcn continuing to be passed through the solution.

Analysis of the mixture, thus obtained, of statistically

nuclear-chlorinated bisphenol A derivatives with non-
chlorinated bisphenol A gives the following composi-
tion: 1.6% by weight of monochlorobisphenol A, 6.8%
by weight of dichlorobisphenol A, 11.2% by weight of
trichlorobisphenol A, 2.7% by weight of tetrachlorobis-

‘phenol A and 87.7% by weight of bisphenol A.

After adding 1.5 liters of dichloromethane, 100 g of
phosgene are introduced into the solution of bispheno-

~lates, while cooling and stirring intensively. The inter-

nal temperature is 25° C. When the introduction of
phosgene is complete, 2.5 g of triethylamine are added
and the mixture is further condensed for one hour at pH
13. The highly viscous polycarbonate solution is then
washed with water until neutral and salt-free and the
polycarbonate is isolated from the washed solution and
dried. It contains 6.3% by weight of chlorine and has an
average molecular weight (number-average) of
M,=18,200 at a relative solution viscosity of
Nrei=1.316, measured in a 0.5% strength solution of
dichloromethane at 20° C.

EXAMPLE 6

45.6 g of bisphenol A are suspended in 200 ml of
carbon tetrachloride. Chlorine gas is passed, at a rate of
flow of 60 liters/hour, through the suspension for §
minutes, while stirring constantly and while cooling,
and, while continuing to pass in chlorine, a solution of 7
g of bromine in 50 ml carbon tetrachloride is added in
the course of 5 minutes. After passing chlorine in for a
further 10 minutes, the suspension is flushed with nitro-

- gen for an hour and the resulting mixture of bisphenols
1s dissolved, without further purification, in 200 g of

20% strength sodium hydroxide solution and in 500 ml

~of distilled water, nitrogen continuing to be passed

45

through the reaction mixture. The lower carbon tetra-
chloride phase is separated off, 680 ml of dichlorometh-
ane are added to the solution and, while stirring inten-
sively and cooling, 30 g of phosgene are passed in (maxi-
mum internal temperature: 25° C.). When the introduc-

tion of phosgene 1s complete, 0.4 g of triethylamine are

added and the mixture is further condensed for one hour
at pH 13. The polycarbonate obtained after customary
working up contains 9.4% by weight of bromine and

15.1% by weight of chlorine and has an average molec-

- ular weight (number-average) of M,=25,300 at a rela-

~ of bromine and 1.7% by weight of chlorine and has an

‘average molecular weight (number-average) of
‘M,=49,000 at a relative viscosity of Nye;=3.187, mea-
sured in a2 0.5% strength solution of dlchloromethane at
200C. |

| EXAMPLE '5 | |
- In a 2 liters flask with a ground glass joint, 137 g of
powdered bisphenol A (average particle size: 300-600
‘u) is brought into contact, while cooling and stirring
constantly, with chlorine gas (rate of flow v=20 liters/-
 hour) for one hour. The internal temperature rises to 28°
C. The reaction vessel is then flushed with nitrogen and

- the mixture is dissolved in 600 g of 20% strength sodium
hydroxide solution and 1.2 liters of distilled water, ni-

55

tive solution viscosity of 7)p/=1.263, measured in a
0.5% strength solution of dichloromethane at 20° C.

'EXAMPLE 7
A constant stream of chlorine gas (rate of flow v=15

liters/hour) is passed, in the course of 20 minutes, into a

suspension of 22.8 g of bisphenol A in 100 ml of carbon
tetrachloride, while cooling. In order to eliminate the
hydrochloric ‘acid gases, the mixture is then flushed

with nitrogen and dissolved directly, without further
- purification, in 100 g of 20% strength sodium hydroxide

solutton and 200 ml of distilled water, nitrogen continu-
ing to be passed through the reaction mixture. The
carbon tetrachloride phase is not removed. After add-
ing 250 ml of dichloromethane, 20 g of phosgene are

- introduced, while stirring intensively and while cool-

65

Ing, at such a rate that the internal temperature does not
rise above 25° C. When the introduction of phosgene is
complete (duration: 20 minutes), 0.3 g of triethylamine
are added and the mixture is further condensed for one

hour at pH 13. The polycarbonate obtained after cus-
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tomary working up contains 21.79% by weight of chlo-
rine and has an average molecular weight (number-
average) of M, =29,600, at a relative solution viscosity
of Nret=1.303 (measured in a 0.5% strength solution of
dichloromethane at 20°-C.), and a freezing point of 160° 5
C. The modulus of elasticity determined on a film in a

tension test is 2,370 MPa. (measured according to DIN
53,455) |

EXAMPLE 8

Chlorine gas is passed, at a rate of flow of v=150
liters/hour, into a suspension of 977 g of bisphenol A in
2 liters of carbon tetrachloride for 30 minutes, while
cooling. The mixture is then flushed with nitrogen for
one hour. The mixture, thus obtained, of statistically
nuclear-chlorinated bisphenol A derivatives with non-
chlorinated bisphenol A contains 12.2% by weight of
chlonne, and consists of: 3.1% by weight of mono-
chlorobisphenol A, 68.3% by weight of dichlorobis-
phenol A, 6.6% by weight of trichlorobisphenol A and
22.0% by weight of bisphenol A.

Directly after flushing with nitrogen and after adding
16.1 g of tert.-butylphenol, the mixture is dissolved in
3.5 kg of 20% strength sodium hydroxide solution and
8.4 liters of distilled water, without discontinuing the
introduction of nitrogen. The lower carbon tetrachlo-
ride phase is then separated off, 13 liters of dichloro-
methane are added to the solution and 600 g of phos-
gene are passed in, while stirring intensively and while
cooling (maximum internal temperature 25° C.). When
the introduction of phosgene is complete, 12 g of trieth-
ylamine are added and the mixture is further condensed
for one hour at pH 13. The polycarbonate obtained after
customary working up has a chlorine content of 11.9%
by weight and an average molecular weight (number- 35
average) of M,=19,100 at a relative solution viscosity
of 1re;=1.286, measured in a 0.5% strength solution of
dichloromethane at 20° C.

The oxygen index measured according to ASTM D
2863-70 1s 42%. The burning test according to Under- 40
writer’s Laboratories (Subj. 94) gives a classification of
v—o. The apparent melt viscosity at 300° C. and at a
shear rate of D=103sec—!is 450 Pa s (Pa s=Pascal X -
second).
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EXAMPLE 9 *
A solution of 75 g of bromine in 300 m! of carbon
tetrachloride 1s added to a suspension of 977 g of bisphe-
nol A 1n 3 liters of carbon tetrachloride, while cooling,
and, at the same time, a stream of chlorine gas is passed
in at a throughput of v=60 liters/hour until the bro-
mine coloration has disappeared (duration: 8§ minutes).
The mixture is then flushed with nitrogen for one hour
in order to eliminate the hydrochloric acid gas. 17 g of
tert.-butylphenol are added, and the mixture is dis- 55
solved, without purification and while continuing to
supply nitrogen, in 3.5 kg of 20% strength sodium hy-
droxide solution and 8.4 liters of distilled water. Analy-
sis of the statlstlcally nuclear-halogenated bisphenol A
mixture gives the following composition: 1.3% by 60
weight of monobromobisphenol A, 2.4% by weight of
dichlorobisphenol A, 9.4% by weight of dibromobis-
phenol A, 2.2% by weight of tribromobisphenol A and
84.7% by weight of bisphenol A.

In order to prepare the polycarbonate, the solution of 65
bisphenolates, thus obtained, is separated off from the
lower carbon tetrachloride phase, which can be used
for further halogenation reactions. After adding 13

50
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liters of dichloromethane, 600 g of phosgene are passed,
at 25° C., into the solution of bisphenolates, while stir-
ring intenstvely and while cooling. When the introduc-
tion of phosgene is complete, 12 g of triethylamine are
added and the mixture is further condensed for one hour
at pH 13. The polycarbonate obtained after customary
working up has a total halogen content of 5.8% by
weight, the bromine content being 5.3% by weight and
the chlorine content 0.5% by welght The average mo-
lecular weight (number-average) is M, =18,200 at a
relative solution viscosity of 7,.;=1.309, measured in a
0.5% strength solution of dichloromethane at 20° C.

The value determined according to ASTM D
2863-70 for the oxygen index is 36%. The burning test
according to Underwriter’s Laboratories (Subj. 04)
gives a classification of v—0. The apparent melt viscos-
ity at 300° C. and at a shear rate of D=103sec—1is 500
Pa s.

Although the invention has been descrlbed in consid-
erable detail in the foregoing, such detail is solely for
the purpose of illustration. Variations may be made by
those skilled in the art without departing from the spirit
and scope of the invention.

What is claimed is:

I. A composition comprising hlgh-molecular weight,
thermoplastic, aromatic polycarbonates containing
halogen selected from the group consisting of bromine
and chlorine having recurrent but not identical struc-
tural units of the following formula IIT

II1
Rj
E—Q—C-0O
|
O
R3
40" wherein

X denotes C1-Cy alkylene, C2-Co alkyhdene, Cs-Cis
cycloalkylene, Cs-Cis cycloalkylidene, a single
bond, —O—, —S—, —SO—, —SOr»—, —CO— or

‘f‘“
C— and
CH; |
| CHj
B
CHj3

Rito Rsare 1dent1cal or different and denote H, Br or
Cl, |
n is an integer between 20 and 800 and |
E are phenyl, C;-Cg-alkyl-substituted phenyl,
bromine-substituted phenyl or chlorine-substituted
phenyl,
the total halogen content resulting from the individual
radicals Ry to R4 and E being between about 2% by
weight and 45% by weight, the bromine content being
between about 0 and 45% by weight and the chlorine
content being between about 0 and 27% by weight
wherein said polycarbonates are prepared from statisti-
cal mixtures comprising halogen-free bisphenols of the
formula II with mono-, di-, tri- and tetrahalogenated
bisphenols, wherein the halogen is selected from the
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group consisting of bromine and chlorine, of the for-
mula I
I
3
10
1§
—< >7 —< >70H
15
wherein

X denotes C1-Cg alkylene, Cy-C9 alkylidene,
Cs-Cijs cycloalkylene, Cs-Cjs cycloalkylidene,

a single bond, —O—, —S—, —SO—, —SO;—,
and
(Il_‘Hs | 25
B
CH;3;

R’ to Ry’ are identical or different and denote H, Br 3g
or Cl, and at least one R’ is Br or Cl,
wherein the total halogen content of the mixtures is
about 3 to 48% by weight and they contain about
0-48% by weight of bromine alone, about 0-30% by
weight of chlorine alone or bromine and chlorine con-
jointly in any desired ratios by weight.

2. A composition comprising high-molecular weight,
thermoplastic, aromatic polycarbonates containing
halogen selected from the group consisting of bromine
and chlorine having recurrent but not identical struc-
tural units of the following formula III

- Q ‘O_C o

wherein
X denotes C1-Cy alkylene, Cy-Cs alkylidene,
Cs-Ci5 cycloalkylene, C5—Cjis5 cycloalkylidene,
a single bond, —O—, —S—, —SO3—, —CO— or

35

II1

45

50

35

0
C— and
CH3 | 60
I CH3;
B
CHj

R to Ry are identical or different and denote H,' Br or 65
Cl, -

n is an integer between 20 and 800 and

E are phenyl, C1-Cg¢-alkyl-substituted phenyl,

16

bromine-subsfituted_ phenyl or chlorine-substituted
- phenyl,
the total halogen resulting from the individual radicals

R1to Rsand E being between about 2% by weight and
45% by weight, the bromine content being between

about 0 and 45% by weight and the chlorine content
being between about 0 and 27% by weight wherein said
polycarbonates are prepared from statistical mixtures
comprising halogen-free bisphenols of the formula II
with mono-, di-, tri- and tetra-halogenated bisphenols,
wherein the halogen is selected from the group consist-
ing of bromine and chlorine, of the formula I

R} R4
R3 Rj
wherein

X denotes C1-Cy alkylene, Cy—Cg alkylidene,
Cs5-Cis5 cycloalkylene, Cs-Cy5 cycloalkylidene,

I

a single bond, —O—, —8—, —SO—, —SO;—,
—CO—or

P
C— and

CH; |

| CHj3

B
CHj

Ri’ to R4 are identical or different and denote H,

Br or Cl and at least one R’ is Br or Cl,
characterized in that said statistical mixtures have a
total halogen content of about 3 to 48% by weight and
contain about 0-48% by weight of bromine alone, about
0-30% by weight of chlorine alone or bromine and
chlorine conjointly in any desired ratios by weight and
wherein said statistical mixtures of bisphenols are pre-
pared by a process comprising bringng bisphenols of
formula II in the solid form into contact at temperatures
between about —20° C. and +80° C.,, with gaseous
chlorine, bromine, or chlorine and bromine optionally
using an inert gas, and subsequently withdrawing the
resulting statistical mixture of bisphenols from the fur-
ther reaction after the desired halogen content has been
reached. | |

3. A composition comprising high-molecular weight,
thermoplastic, aromatic polycarbonates containing
halogen selected from the group consisting of bromine
and chlorine having recurrent but not identical struc-
tural units of the following formula III
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wherein
X denotes C1-C9 alkylene, C2-Co alkyhdene, -
Cs-Ci5 cycloalkylene, Cs-Cjs cycloalkylidene
a single bond, —O—, —S—, —SO—,
—CO— or | .

- CHj3 |

CH3_

and |
Rjto R4 are identical or different and denote H, Br or
e
n is an mteger between 20 and 800 and
E are phenyl, Ci-Cg-alkyl- substltuted phenyl
 bromine-substituted phenyl or chlorine-substituted
phenyl, -
the total halogen content resulting from the individual
~radicals Rj to R4 and E being between about 2% by

S Ir

10
and

—S0;—, 1

20

25

30

35

weight and 45% by weight, the bromine content being -

between about 0 and 45% by weight and the chlorine
content being between about 0 and 27% by weight
wherein said polycarbonates are prepared from statisti-
cal mixtures comprising halogen-free bisphenols of the
formula II with mono-, di-, tri- and tetra-halogenated
- bisphenols, wherein the halogen is selected from the

40

435

- group con513t1ng of bromine and chlorine, of the for- _

mula I:

R

OH

wherein
X denotes C1—C9 alkylene, Cz—Cg alkyhdene,
- Cs5~Cj5 cycloalkylene, Cs~Cj5 cycloalkylidene,
a single bond,
—CO—or

—0—, —S—, —SO—, —S0—,

I

50

55

65

18
CHj
?*‘
?H '_.CHQ
B
CH;j;

Ry’ to R4"are identical or different and denote H,
~ Br or Cl and at least one R’ is Br or Cl,

‘characterized in that said statistical mixtures have a
~total halogen content of about 3 to 48% by weight and

contain about 0-48% by weight of bromine alone, about -
0-30% by weight of chlorine alone or bromine and
chlorine conjointly in any desired ratios by weight and
wherein said statistical mixtures of bisphenols are pre-
pared by a process comprising suspending bisphenols of
formula II in about 2 to 5 times the amount by weight of
halogen-containing hydrocarbon and reacting, at tem-
peratures between about —20° C. and + 80° C., with the
amounts of bromine, chlorine, or bromine and chlorine
required for the desired halogen content in the mixture
of bisphenols. | |

4. A composition comprising high-molecular weight,
thermoplastic, aromatic polycarbonates containing

halogen selected from the group consisting of bromine
‘and chlorine having recurrent but not identical struc-

tural units of the following formula II1

I

wherem

X denotes C1—C9 alkylene, Cz—-Cg alkylidene,
Cs—Cis cycloalkylene, Cs5-Cis5 cycloalkylidene,

a single bond,

—O—, —S—, —--SO-— —SOz—— —CO— or

-
C-—.

|.
CH;

.mﬁ

R to R4 are identical or different and denote H,

Br or Cl, and n is an integer between 20 and 800,
wherein said polycarbonates are prepared from statisti-
cal mixtures comprising halogen-free bisphenols of the
formula II with mono-, di-, tri- and tetra-halogenated
bisphenols, wherein the halogen is selected from the

‘group consisting of bromine and chlorine, of the for-

mula I




5. A composition comprising high-molecular weight,
thermoplastic, aromatic polycarbonates containing
halogen selected from the group consisting of bromine
and chlorine having recurrent but not identical struc-
tural units of the following formula III |

Se¥as
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R : R} R} I
- I R2 . R4
10 IT
wherein |
X denotes C1-Cy alkylene, C,—Cyo alkylidene, Cs-C;5 15 Wherein
cycloalkylene, Cs-Cis cycloalkylidene, a single X denotes C1--C9 alkylene, C2—Co alkyhdene,
bond, —O—, —S—, —50—, —802—, —CO—or Cs5-Ci5s cycloalkylene, Cs~Ci5 cycloalkylidene,
| ' a single bond, —O—, —S—, —SO—, —SO;—,
| ('3H3 (|3H3
--(I',‘ (|3—- and
CH3 . - - CHj —c
Ri’ to R4’ are identical or different and denote H, 25
Br or Cl, and at least one R’ 1s Br or Cl, |
“I;hETtEi;l :he 4'[80;31 bhaloge'nhiontzntth{)f the lzli}’ftmlejs i‘-: R’ to R4’ are identical or different and denote H,
abou o 48% by weight an ey contain abou B Cl at ] ) s
0-48% by weight of bromine alone, about 0-30% by ,, PO L anfi at feast ?ne R '1s -Br o .Cl’
weight of chlorine alone or bromine and chlorine con- characterized in that said statistical mixtures have a
jointly in any desired ratios by weight. - total halogen content of about 3 to 48% by weight and

contain about 0-48% by weight of bromine alone, about

- 0-30% by welght of chlorine alone or bromine and

chlorine conjointly in any desired ratios by wei 1ight and
wherein said statistical mixtures of bisphenols are pre-
pared by a process comprising bringing bisphenols of
formula II in the solid form into contact at temperatures
between about —20° C. and +80° C., with gaseous
chlorine, bromine, or chlorine and bromine, optionally

using an inert gas, and subsequently withdrawing the

. resulting statistical mixture of bisphenols from the fur-

ther reaction after the desired halogen content has been

45
‘reached.
wherein 6. A composmon compnsmg high-molecular weight,
X denotes C1-Cyo alkylene, C>-Cy alkylidene, thermoplastlc, ~aromatic polycarbonates containing
Cs-Ci5 cycloalkylene, Cs5-Cjs cycloalkyhdene, 50 halogen selected from the group consisting of bromine
a single bond, . and chlorine having recurrent but not identical struc-
—0—, —8—, —50—, —50—, _CO—. or tural units of the following formula III |
CHj; '
| Il1
| C— and )
CHj3 |
| CH;
CH;
@

R1 to R4 are identical or different and denote H,
Br or Cl, and n is an integer between 20 and 800,

wherein said polycarbonates are prepared from statisti-
cal mixtures comprising halogen-free bisphenols of the
formula II with mono-, di-, tri- and tetra-halogenated
bisphenols, wherein the halogen is selected from the
group consisting of bromine and chlorine, of the for-

mula I

wherein |
X denotes C1—C9 alkylene Cz—Cg alkylidene,
Cs5-Cys5 cycloalkylene, Cs—Ci5 cycloalkylidene,
a single bond, . '
—O0—, —-S—, —SO0—, —S0O—, —CO— or

65
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P
C— and
CH; |
I CHj;
B
CH;

R to R4 are 1dentical or different and denote H,

Br or Cl, and n is an integer between 20 and 800,
wherein said polycarbonates are prepared from statisti-
cal mixtures comprising halogen-free bisphenols of the
formula II with mono-, di-, tri- and tetra-halogenated
bisphenols, wherein the halogen is selected from the
group consisting of bromine and chlorine, of the for-
mula I

-0
wherein Q O

X denotes C1-Co alkylene, C2-Cy alkylidene,
Cs-Cys5 cycloalkylene, Cs—Cj5 cycloalkylidene,
a single bond,

-S—, —SO0—, —SOr»—, —CO— or

Il

—0 .
0 T
—(I3 (l?,— and
CHj3 CH; |

R1’ to R4’ are identical or different and denote H,

Br or Cl, and at least one R’ is Br or CI,
characterized in that said statistical mixtures have a
total halogen content of about 3 to 48% by weight and
contain about 0-48% by weight of bromine alone, about
0-30% by weight of chlorine alone or bromine and
chlorine conjointly in any desired ratios by weight and
wherein said statistical mixtures of bisphenols are pre-
pared by a process comprising suspending bisphenols of
formula I in about 2 to 5 times the amount by weight of
a halogen-containing hydrocarbon and reacting, at tem-
peratures between about —20° C. and 4-80° C., with the
amounts of bromine, chlorine, or bromine and chlorine
required for the desired halogen content in the mixtures
of bisphenols. |

7. Polycarbonates according to claim 1, wherein the
total halogen content is between about 3 and 27% by
weight.

8. Polycarbonates according to claim 2, wherein the
total halogen content is between about 3 and 27% by
weight. |

9. Polycarbonates according to claim 3, wherein the
total halogen content is between about 3 and 27% by

weight.
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10. Polycarbonate compositions according to claim i,
wherein up to about 40% by weight of glass fibers are
included.

11. Polycarbonate compositions according to claim 2,
wherein up to about 40% by weight of glass fibers are
included.

12. Polycarbonate compositions according to claim 3,
wherein up to about 40% by weight of glass fibers are
included.

13. A composition comprising the polycarbonate of
claim 1 and a polymer selected from the group consist-
ing of halogen-free, thermopldstic, aromatic polycar-
bonates and thermoplastic polyesters.

14. A composition comprising the polycarbonate of
claim 2 and a polymer selected from the group consist-
ing of halogen-free, thermoplastic, aromatic polycar-
bonates and thermoplastic polyesters |

15. A composition comprising the polycarbonate of
claim 3 and a polymer selected from the group consist-
ing of halogen-free, thermoplastic, aromatic polycar-
bonates and thermoplastic polyesters.

16. In a process for the preparation of polycarbonates
from hydroxyl-bearing compounds, the improvement
comprising using statistical mixtures of bisphenols as the
hydroxyl-bearing compounds, said statistical mixtures
comprising halogen-free bisphenols of the formula II
with mono-, di-, tri- and tetra-halogenated bisphenols,
wherein the halogen is selected from the group consist-
ing of bromine and chlorine of the formula I

Ry Ry - I

HO

I1

-OH

HO

wherein -
X denotes C1-Co alkylene, Cy-Co alkylidene,
Cs-Cis cycloalkylene, Cs-Cy5 cycloalkylidene,

a single bond, —O—, —S—, —SO—, —SOy,—,
—CQOQ— or
VAN
""(i: (|3— and
CH; CHj

R to R4 are identical or different and denote H,

Br or Cl, and at least one R is Br or Cl, and
wherein the total halogen content of the statistical mix-
tures is about 3 to 48% by weight and they contain
about 0-48% by weight of bromine alone, about 0-30%
by weight of chlorine alone or bromine and chlorine
conjointly in any desired ratios by weight.

17. In a process for the preparation of polycarbonates
from hydroxyl-bearing compounds, the improvement
comprising using statistical mixtures of bisphenols as the
hydroxyl-bearing compounds, said statistical mixtures
comprising halogen-free bisphenols of the formula II
with mono-, di-, tri- and tetra- halogenated bisphenols,
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wherein the halogen is selected from the group consmt-
ing of bromine and chlorine, of the formula I

O -
wherein ’ —Q

X denotes C1-Co akylene, C2-Co alkyhdene,

Cs-Ci15 cycloalkylene, Cs-Cy5 cycloalkylidene,

a single bond, —O—, —S—, —SO—, —S0O—,
—CO—or o

- Ry to Ry are identical or different and denote H,
Br or Cl and at least one R is Br or Cl,

characterized in that said statistical mixtures have a
total halogen content of about 3 to 48% by weight and
contain about 0-48% by weight of bromine alone, about
0-30% by weight of chlorine alone or bromine and
chlorine conjointly in any desired ratios by weight and
wherein said statistical mixtures of bisphenols are pre-

5
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pared by a process comprising bringing bisphenols of 3

formula II 1n the solid form into contact at temperatures
between about —20° C. and +80° C., with gaseous
chlorine, bromine, or chlorine and bromine optionally
using an inert gas, and subsequently withdrawing the
resulting statistical mixture of bisphenols from the fur-
ther reaction after the desired halogen content has been
reached.

18. In a process for the preparation of polycarbonates
from hydroxyl-bearing compounds, the improvement
comprising using statistical mixtures of bisphenols as the

45

50

24
hydroxyl-bearing compounds, said statistical mixtures
comprising halogen-free bisphenols of the formula II
with mono-, di-, tri- and tetra-halogenated bisphenols,
wherein the halogen is selected from the group consist-
ing of bromine and chlorine, of the formula I

I1

OH

wherein
X denotes C1-Cq alkylene, C3-Cg alkylidene, Cs-C;s
cycloalkylene, Cs-Cj5 cycloalkylidene, a single
bond, - O—, —S—, —SO—, —SOy)—, —CO—or

WA
"'(|3 (ID—' | and
CH3> CHj3

R1to R4 are identical or different and denote H, Br or
Cl and at least one R is Br or Cl,

characterized in that said statistical mixtures have a
total halogen content of about 3 to 48% by weight and
contain about 0-48% by weight of bromine alone, about
0-30% by weight of chlorine alone or bromine and
chlorine conjointly in any desired ratios by weight and
wherein said statistical mixtures of bisphenols are pre-
pared by a process comprising suspending the bisphe-
nols of formula II in about 2 to 5 times the amount by
welght of a halogen-containing hydrocarbon and react-
ing, at temperatures between about —20° C. and +80°
C., with the amounts of bromine, chlorine, or bromine
and chlorine required for the desired halogen content in

the mixture of bisphenols.
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